Abstract: 3-D printing, with all its wide range of applications is important not only on the point of view of its R&D, but also in the real economy since various companies already use this process to produce various products available on the market. This presentation use the automatic patent analysis (APA) to give to the reader a wide spectrum of the stakeholders in that field as well as the technological trend and the application domains. This paper will also demonstrate the interest to use the APA in other R&D domains. A special attention will be taken to the universities and institutes engaged in the field of 3-D printing, because this is one of the faster ways to move from patents to the upstream fundamental research.
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Introduction
Today, there are a large number of scientific and technical information sources and among them one of the most powerful: the patent information. With more than 90 million patent notices, the Worldpatent database from the EPO (EPO, 2014) provides a unique way to develop deep insights in science and technology (Dou and HongXia, 2013; Dou, 2013) . More than 80% of what is published in patents never appears elsewhere and moreover patents are analysed in depth by professional examiners and people spend large amount of money to get their invention protected. This accumulation of evidences should prompt the scientist and the researchers to use most widely patent analysis (Abraham and Moitra, 2001) . In this paper, we will present various aspects on the most recent patents dealing with 3-D printing to provide to the reader various ways to probe this sector and to be aware of the whereabouts of this subject. The APA and query of the database are done with Matheo Patent as resident software (IPR Fact Sheet, 2013) .
Material and method

The query
The database used for the search on 3-D printing patents is the Worldpatent database available from the European Patent Office (EPO) the coverage of this database is wide enough to provide a corpus of data relevant and large enough to perform the APA.
The query used is the following: From this query, all the patent notices are uploaded to a local computer, formatted and automatically analysed by the software Matheo Patent (Matheo Patent, 2014) . Because one patent can be extended to several other countries, one invention can be protected through more than one patent. These patents with a different number but covering the same invention are called a patent family. When there is only one patent (not extended) the number of patent in the family is one. The fact that in the search we found 490 families for 1401 patents indicates that many patents have been extend to several countries. This is a strong indication of the interest of the 3-D printing field.
The international patent classification IPC
In APA, even if all the information provided by a patent notice can be combined to give rise to lists, networks, matrix, one field is particularly interesting since it gives a good feeling of the technologies and applications involved in the area. This is the International Patent Classification, (IPC, 2014; EPO, 2013; Wikipedia, 2014 In brackets number of patent families.
The IPC are characterised by series of letters (A to H) to cover most of the applications and technologies. After the first letters, figures and letters can be added to provide a more and more precise definition of the area covered by the IPC. The length of one IPC extends from one to eight digits. Above the number indicated in brackets is the frequency of the items described before the brackets. The top publication dates indicated a growing interest for this technology.
The most important IPC are presented in Figure 1 as well as the meaning of the most important IPC (until frequency 4) in Table 1 .
This very large number of applications pin points the many opportunities offered by this technology. This is very important, since these technologies are not only the monopoly of large companies but can be easily extended to SMEs (Herald Online, 2013) . 
The main actors in the field
The automatic patent analysis (APA) allows the user to select from the data, various sets of patents dealing with a type of patent (EP (European), WO (World)) or various domains of application, or different companies or date intervals, etc. All these sets of data can be analysed in depth (lists, matrices, networks), combined, etc. We cannot because of the number of possibilities available presents all the results. This is the reason why we have selected a certain numbers significant examples useful for the comprehension of the APA facilities.
The main countries
The frequencies are given in family number and presented in Table 2 .
The difference between the family number and the patent number is a good indication of the patent extension. For instance, China does not extend very much its patents and aims to the local protection of this technology and applications. Israel with a ration of extension of 87/14 = 6.21 is ahead of the USA ration 3.61. This ratio because this is an indication of the world coverage of the patents may be indices of a global quality of the patent production. But, this can be someway restrains because if one country uses 3-D printing to produce goods sold to the world with a competitive advantage (for instance cost of the labour force) may be this country may choose a policy of not extending its patents. In China, the utility models (Stambridge, 2010) have been used in several ways: induce people to innovate through a low-cost protection and divulgation system; to protect small improvement which cannot be object of patenting (for instance in mechanic, electronic, etc.). 1 Utility models are petty patents, which are not examined in depth, but which can be opposed in court to products or other patents (to be extended to China for instance). Even if the western countries do not considered too much these utility models, one of them in the CINT, Scheinder Electric case, give back 23 million US dollars for a utility model investment of a few hundred of dollars!
Main companies
Because of the large numbers of companies involved in the field, it is better to perform their analysis on various selected application domains (see the result in further paragraph).
Examples of correlations
For each of these groups, various analyses can be performed. They are presented in Figures 3, 4 , 6 and 7. In most of the figure results are only a selection because of the size of the matrix.
Selected domains of application
Various representative domains (this is not exclusive) are presented in Table 3 and their IPC's correlation in Figure 2 .
Some domains of application
The frequencies are given in family numbers and patent numbers. 
Other possible selections
It is obvious that because of the large possibilities offer by Matheo Patent, the number of applications is not limited. The significant expressions from the titles and the abstracts being extracted during the analysis, the user may find relevant domains in these lists and then either select directly the patent from the list, or regroup the significant terms in a more global list (e.g., Oral or dental or dentures for instance). The same can be done on groups linked to the dates of application, the type of patents, the priority numbers, the names of inventors, etc.
Examples
All the groups selected can be analysed in depth or combined with other groups. It means that the number of combinations is wide, and only a few of them are presented in the examples underneath (Figures 3, 4, 6 and 7) . To perform the analysis presented in Figure 3 , we have selected all the significant patents (World and European) from the various countries, and made from these selections the relating groups. Then, these groups have been used to perform the analysis through the correlation with the groups dealing with the applications. We can see that the USA is ahead from all other countries in WO and EP patents. The global significance of this result is that the USA are far more advanced in that field that most of the other countries. May be on certain peculiar domains some other countries may have specific and relevant patents, but globally USA is coming first.
Comparisons between R&D strategies. One efficient way to understand what is going on in one field of science and technology is to perform the analysis of the trend in R&D either in different companies or in different countries (Dou, 2004) . To do so, we build a group of patents of the companies or countries to be benchmarked, and after we build the network between the former groups and the IPC4 or the IPC full if there is a need for a better precision. All the IPC which are not shared between the groups are some elements of differentiation. To improve the readability of the network, the common between two or more groups IPC are gathered in the centre of the graph. In the case presented underneath, the comparison between the US company 3D Systems Inc. and the French Company Raymond and Cie shows that there are only two IPC4 in common, all the other being different. The result showing these differences is presented in Figure 5 . If the user is more familiar with the matrix, then there is also the possibility to build up the matrix equivalent to the network (matrix between the groups and the IPC4).
In the case of the comparison between the R&D trends of different countries, we get what is called a meta-information.
All the IPC4 which are common to two or three countries are placed at the centre. All the IPC4 which are linked only to one country are specific of the R&D done in this country.
The case of China
China is the first patenting country in the world (Neumeyer, 2014) . Then, it is relevant to see in which directions the Chinese R&D expand in the field. To do so, we made a group of Chinese Patents (including the utility models) and we build up the network of the Chinese patents with the IPC4 digits. On Figure 4 , the IPC standing alone means that they belong only to a patent which is indexed with only one IPC (the domain of the patent is specific). The network is built up from the patents which are indexed with more than one IPC. The data in circles are the frequencies of the pairs of IPC, and the data in rectangular boxes are the frequencies of this IPC among the group of the Chinese patents (see Figure 7) . Because the Chinese patents overlap also the utility models, we build up the group of utility models and from this group we build up the network with the IPC4. Analysing the utility models is interesting because they are almost never extended to other countries on one hand and on the other they may be the source of new ideas of applications. The number of Chinese utility models is 46, and the network of R&D of these models is presented in Figure 8 . 
The universities and institutes
Universities are important because, this is a good indication of the research which is done upstream in the field. Moreover, because we have in the patent the name of the University and the name of the inventors(s), it is easy to use Google or the access of academic literature via Google (Google Scholar, 2014) to know more about the research which is done in this institution, and also to have access to some of the works produced either by the inventor or by some other people from close research areas. Another information is the number of university-industry collaborations, or inter-universities collaborations.
The search for universities can be done either on the global local database, or in specific areas for instance here the analysis of the universities and institutes involved in the production of US patents has been done and the relevant patents selected (Table 4 and Figure 9 ). In Figure 9 , the matrix between IPC4 and the various US Universities and Institutes is done. This underlines the subjects common to these institutions (this does not means a collaboration between the applicants), and the subjects which make a differentiation between these applicants. 
World coverage
The world coverage of the field is obtained by an analysis of the countries which are protected. There are two ways to look at it: one which is by filling countries and the other by protected countries (including the extension). The two results are indicated in the Figures 12 and 13. Figure 12 indicates the predominance of the USA in this new and promising technology follows by Germany, South Korea and China. France is coming after. It is also noticeable that the global amount of patents from the European countries is 83, which places Europe at the second position, and among the European countries Germany is ahead. 
Conclusion
The APA shows that this is a useful technique to do in a very short time a good overview of a subject. The APA offers also the opportunities for specialists either in technology or in patents to go deeper in the subject and to select key patents, able to be downloaded in full text and further analysed. For the patent specialists, they may also access to the cited documents from the WO, US and EP patents (Chen et al., 2007) and then build up a consistent network of patents dealing with one application or one technology. They may also by using the non-patent cited data (non-patent literature) to have a good knowledge of the upstream research done in this area.
In general, the USA shows in the field of 3-D printing an advantage link to the number of patents and to the number of countries in which these patents are in force. They also focus on advanced subjects (Peltola et al., 2008; Mironov et al., 2003) when compared with other countries such as the development of human tissues. China if it is the leader by the number of patents granted extended only a very small part of these patents to foreign countries. Perhaps this means that China build up a national protection or used 3D printing to develop products for export. Other countries such as Israel for instance, are developing their R&D in niches and due to the size of the country they extend most of their patents to other countries. Some countries, such as France, did not develop the technology related to the development of 3D printers, but used the already existing systems to develop various applications. There is also a point to note, the development of software which will allows remote users to send digital information about an object for instance to a 3D printer facility. Most of the materials which will present a strong resistance when the object will be built up are curable polymers (by UV or other type of wavelengths).
The very large number of applications, as suggested by the various IPC used by the indexers indicates that certainly this field will have a very good future and will be used to produced products of very different kinds, from specific spare parts of sophisticated machines (this will avoid the storage of spare parts, for instance in ships, or in orbital stations in the future, to human prosthesis, etc.
The important amount of patents produced in the last three years, should also prompt the different users interested in that field to follow it carefully and to develop at different interval of time APA to compare the results.
